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© A self-aligned epitaxial base bipolar transistor 
comprising a semiconductor substrate (6) of a first 
conductivity type a first epitaxial layer of semicon- 
ductor material (11) of said first conductivity type 
disposed over said substrate having planar single 
crystal (14, 15) and recessed oxide surface portions 
(10, 13); a second planar, epitaxial layer (16, 17) of 
semiconductor material disposed over said first layer 
(11) having a single crystal region disposed over 
^- said single crystal surface portion (14, 15) and poly- 
^ crystalline regions over said recessed oxide surface 
^ portions (10, 13), said single crystal region contain- 
^ ing an intrinsic base region (3), an emitter region (2) 
^ and a portion of a collector pedestal (5) and said 
q polycrystalline regions containing extrinsic base re- 
O gions (4), and, a planar composited isolation layer 
(8) containing an aperture disposed on said second 
O layer (16, 17) comprised of at least two different 
dielectric materials (18, 19, 20) the uppermost of 
m which is made of oxidized material 820) the edge of 
said aperture being self-aligned with the edge of 
said collector pedestal (5), said planar composite 



layer (8) providing emitter-base isolation and the 
thickness of said oxidized material (20) determining 
the emitter-extrinsic base capacitance of said tran- 
sistor. 



FIG. \ 
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This invention relates to a bipolar transistor 
which incorporates, in a raised base regime, an 
emitter, collector pedestal and intrinsic and extrin- 
sic bases all of which are self-aligned. The inven- 
tion also relates to a process for fabricating such 
devices which obtains the self-alignment of the 
above mentioned elements using a single lithog- 
raphic and masking step. The structure of the tran- 
sistor, in addition to having the self-aligned ele- 
ments, incorporates a composite dielectric layer 
which not only permits the carping out of a number 
of functions during device fabrication but also pro- 
vides for desired electrical characteristics during 
device operation. The resulting transistor includes a 
planar emitter-emitter contact interface which pro- 
vides for fine control of emitter depth in the under- 
lying intrinsic base region. 

The above mentioned composite layer consists 
of an oxide (S/O2) layer adjacent the semiconduc- 
tor surface; a nitride (S/3/VO layer on the oxide 
layer and an oxide (S/O2) layer on the nitride layer 
in the final structure of the device. The last men- 
tioned oxide layer starts out early in the fabrication 
process as a layer of oxidizable material, preferable 
polycrystalline silicon, which, at later steps in the 
process, acts as an etch-stop in its unoxidized 
state and as a memory element and mask in its 
oxidized state when a self-aligned datum element 
is removed and the thus exposed underlying di- 
electric elements must be removed to provide a 
planar emitter opening. The process results in a 
high-speed, low capacitance bipolar junction tran- 
sistor which incorporates a low resistance extrinsic 
base and a high quality collector/base region. 

Some of the keys to fabricating a high speed 
bipolar junction transistor are to not only fabricate a 
device which is intrinsically fast but also to reduce 
the parasitic resistances and capacitances asso- 
ciated with that device. Self-aligned structures and 
semiconductor-on-insulator structures combined 
with aggressively scaled base width and 
emitter/base/collector doping profiles represent pri- 
or art efforts toward obtaining high-speed bipolar 
devices and circuits. Recently, low-temperature, 
high-quality homo or heteroj unction epitaxial tech- 
niques have significantly advanced the art of 
emitter-base-collector profile optimization for ever 
faster intrinsic homo or heterojunction bipolar de- 
vices. The prior art, however, has left something to 
be desired with respect to parasitic resistances and 
capacitances such as extrinsic base resistance, 
collector-base and collector-substrate capacitances, 
etc. which have not been dealt with adequately, 
especially in structures with very thin base layers 
formed by low temperature epitaxial deposition 
methods. 

One prior art approach which deals with reduc- 
ing the capacitance of base-emitter and base-col- 



lector junctions and the base resistance is shown in 
U.S. Patent 4,499,657 initially filed on February 29, 
1980. In this patent, a lightly doped silicon layer is 
epitaxially grown on an oxide film with predeter- 

5 mined openings disposed on one main face of a 
silicon substrate to form single crystal portions in 
the openings and polycrystalline portions over the 
oxide. Ion implantation and thermal annealing are 
used to convert the polycrystalline portions to op- 

70 posite conductivity type external base regions and 
form opposite conductivity internal base regions in 
the single-crystal portions. Arsenic ions are selec- 
tively implanted into the internal base region to 
form n-conductivity type emitter regions. 

15 The approach of the patent depends on the 

different rates of dopant diffusion in single-crystal 
and polycrystalline semiconductor material to form 
intrinsic and extrinsic base regions. Under such 
circumstances where ion implantation and anneal- 

20 ing are utilized in conjunction with a relatively thick 
semiconductor layer depth control of the base re- 
gions doesn't present a great problem. However, 
where the layer in which the base is to be formed 
is relatively thin, other approaches including in situ 

25 doping of the upper portion of an epitaxial layer 
must be used. Without the control provided by 
such an approach, it is very difficult to control the 
formation of a thin intrinsic base in which emitter 
regions must be ultimately formed. Also, in the 

30 patent, it is noted that the emitter and base regions 
are nonself-aligned resulting in the inevitable dis- 
placement to one side or the other of the emitter 
relative to the collector. As a result, link resistance 
is not readily controlled and is generally larger, by 

35 definition, than in a self-aligned structure. In the 
reference, the extrinsic base is aligned to the edge 
of the isolation. The intrinsic base should be 
aligned to the emitter diffusion edge otherwise high 
base resistance results which degrades switching 

40 performance. Thus, the reference patent cannot 
provide for self-alignment of the emitter and base 
nor is its fabrication approach susceptible to the 
fine control required when forming an emitter in 
intrinsic base regions. 

45 In another prior art approach shown in U.S. 

Patent 4,504,332 originally filed September 6, 
1979, the different rates of diffusion of a dopant in 
single-crystal and polycrystalline materials are uti- 
lized. Also the different oxidation rates of single- 

50 crystal and polycrystalline materials are utilized to 
provide a fully self-aligned bipolar structure. In the 
patent, a plurality of dielectric layers are used to 
surround an exposed region of semiconductor in 
which a subcollector is formed. The uppermost 

55 dielectric layer is doped with a p-type dopant. An 
epitaxial layer of n-type semiconductor material is 
deposited over the doped oxide where it deposits 
as polycrystalline material and over the exposed 
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region of semiconductor where it deposits as 
single-crystal material. An annealing step out-dif- 
fuses p-type dopant into the polycrystalline ma- 
terial leaving the single-crystal material n-type. 
Then an oxidation step forms thin oxide over the 
single-crystal n-type material and a thick oxide 
over the polycrystalline regions. An etch step re- 
moves only the thin oxide and a p-type intrinsic 
base is implanted. After this, an n-doped oxide 
layer is deposited and out-diffused to form the 
emitter of the device. 

The above cited reference relies on high tem- 
perature oxidation and annealing steps whereas the 
present approach utilizes low temperature oxidation 
in conjunction with in situ intrinsic base doping 
early in the process to provide good control of the 
extent of the extrinsic base as well as easy inter- 
connection of the intrinsic and extrinsic bases. 
Also, the process of the reference is not consistent 
with the emitter depth requirement of present bi- 
polar devices. 

It is, therefore, an object of the present inven- 
tion to provide a raised base, bipolar transistor in 
which the emitter, collector pedestal and intrinsic 
base are all self-aligned. 

Another object is to provide a bipolar transistor 
which incorporates a composite dielectric layer in 
its final structure and permits the fabrication steps 
of the transistor to be carried out. 

Another object is to provide a method of 
fabricating a raised base, bipolar transistor in which 
an oxidizable layer of polycrystalline disposed over 
oxide-nitride layers carries out many functions in its 
oxidized and unoxidized states. 

Yet another object is to provide a method of 
fabricating a bipolar transistor in which a single 
lithographic and masking step permits self-align- 
ment of the emitter, intrinsic and extrinsic bases 
and collector pedestal. 

Yet another object is to provide a method of 
fabricating a bipolar transistor which provides a 
device having low base resistance and low capaci- 
tance. 

These and other features and advantages of 
the present invention will become more apparent 
from the following more particular description of the 
preferred embodiment taken in conjunction with the 
following briefly described drawings. 

FIG. 1 is a cross-sectional view of a raised 
base, bipolar transistor in which the emitter, intrin- 
sic base and extrinsic base and collector of the 
transistor are self-aligned. The transistor includes a 
plurality of alignment dielectrics which are dispos- 
ed on planar intrinsic/extrinsic base regions. 

FIGS. 2-10 are cross-sectional drawings of the 
structure of FIG. 1 at various intermediate stages in 
its fabrication process. 

The present invention relates to a raised base, 



bipolar transistor in which the emitter, collector 
pedestal and intrinsic and extrinsic bases are all 
self-aligned. In the preferred embodiment, these 
elements are self-aligned as a result of the pres- 

5 ence of a composite dielectric layer which is a key 
element during fabrication and remains as part of 
the final structure. The composite layer, in the final 
structure of the transistor, includes an oxide layer 
over which nitride and oxide layers are disposed. 

w To the extent that the last mentioned oxide layer 
carries the datum for self-alignment of the emitter, 
it cannot be dispensed with and remains as an 
integral part of the structure. Apart from functioning 
in oxidized and unoxidized regimes during fabrica- 

75 tion, the uppermost layer provides a controllable 
thickness layer which permits a large measure of 
control in minimizing device capacitance which 
should be as small as possible. In the present 
structure, this is done without severely impacting 

20 planarity considerations. In fabricating the structure 
of the present application, the composite layer is 
required to perform a number of functions and 
these layers are introduced after the deposition of 
a layer of semiconductor material over substrate 

25 isolation and single-crystal regions which form 
polycrystalline and single-crystal regions over iso- 
lation and single-crystal regions, respectively. The 
deposited layer of semiconductor material has an 
in situ doped upper portion the thickness of which 

30 is tightly controlled because it eventually becomes 
the intrinsic base of the transistor. Thus, after oxide 
and nitride layers are deposited, a layer of oxidiz- 
able polycrystalline silicon is deposited which in its 
unoxidized and oxidized states will carry out mul- 

35 tiple functions not the least of which is the carrying 
forward of a self-alignment datum which permits 
self-alignment of the emitter. The initially deposited 
oxide passivates the surface of the underlying sili- 
con while the nitride layer suppresses oxygen en- 

40 hanced diffusion and preserves the condition of the 
epi-poly regions in the in situ doped portion of the 
epitaxial layer. Apart from these considerations, all 
the self-aligned elements mentioned above have 
their self-alignment rooted in a single lithographic 

45 and masking step which is aligned symmetrically to 
the edges of the isolation regions. This step forms 
an oxide-nitride stack over a single-crystal mesa 
which acts as a mask during an ion implantation 
step which form the collector pedestal within a 

50 single crystal mesa and in the lower portion of the 
previously deposited semiconductor layer. After 
sidewalls are formed on the stack, an ion implanta- 
tion step forms the extrinsic base. Then, with the 
polycrystalline portion of the composite layer acting 

55 as an etch stop, the sidewall and oxide portion of 
the stack are removed leaving the nitride portion of 
the stack. At this juncture, the polycrystalline layer 
is oxidized. The edges of the oxidized poly butt 
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against the nitride edges and when the nitride is 
removed, the poly edges carry the datum pre- 
viously provided by the nitride edges. Subsequent 
selective etches then expose the planar surface of 
the doped intrinsic base. A conformal doped poly 
layer acting as a diffusion source then provides a 
self-aligned emitter contact with the oxidized poly- 
silicon layer acting as an etch-stop when the poly 
layer is patterned. The oxidized polysilicon layer 
then remains in situ to provide the desired minimal 
capacitance. 

FIG. 1 shows a cross-sectional view of a self- 
aligned, raised epitaxial, base bipolar transistor 
which includes a self-aligned emitter, intrinsic base, 
extrinsic base and collector pedestal. The transistor 
also includes a composite dielectric layer the 
edges of which define the emitter opening and its 
associated contact metallurgy. 

FIG. 1 shows a bipolar transistor 1 which in- 
cludes an emitter 2, an intrinsic base region 3, an 
extrinsic base region 4, a collector pedestal 5, a 
subcollector 6, a subcollector reachthrough 7 and a 
composite dielectric alginment layer 8. Also shown 
are an emitter contact 9 and trenches 10 which 
have been formed in a lightly doped epitaxial layer 
11 of semiconductor material which has been de- 
posited on substrate or subcollector 6 which is a 
heavily doped single crystal semiconductor ma- 
terial. Trenches 10 are filled with isolation oxide 13 
which surround mesas 14,15. Mesa 14 when heav- 
ily doped becomes subcollector reachthrough 7. 
Mesa 15 forms the collector of transistor 1 which 
contains collector pedestal 5. In FIG. 1, emitter 2, 
intrinsic base 3 and a portion of collector pedestal 
5 are formed in a deposited semiconductor layer 
which, when deposited, forms polycrystalline re- 
gions over isolation oxide regions 13 and a single 
crystal region over mesa 15. The upper portion of 
the deposited layer is doped and, as shown in FIG. 
1, forms intrinsic base 3 while the lightly doped 
(n~) lower portion 16 contains a portion of the 
collector pedestal 5. 

In FIG. 1 , extrinsic base 4 is heavily doped and 
extends from polycrystalline regions into the single 
crystalline region over mesa 15 and provides con- 
tact to intrinsic base 3. 

In FIG. 1, emitter contact 9 which is made of 
heavily doped polycrystalline semiconductor ma- 
terial is shown disposed in contact with emitter 2 
which is formed by out-diffusion from the heavily 
doped polycrystalline semiconductor of emitter 
contact 9. Composite dielectric layer 8 defines the 
extent of emitter 2 and thus the active region of the 
bipolar device. Composite dielectric layer 8 is 
made of a layer 18 of silicon dioxide disposed on 
the semiconductor layer which contains intrinsic 
base 3 and extrinsic base 4; a layer 19 of silicon 
nitride disposed over layer 18 and a layer 27 of 



thermally oxidized polycrystalline silicon disposed 
on layer 19. As shown in FIG. 1, layers 18, 19, 27 
are not to scale but have been enlarged in FIG. 1 
to emphasize their presence not only as necessary 

5 elements in the final structure of transistor 1 but 
also as necessary elements during the fabrication 
of transistor 1. As shown in FIG. 1, layers 18, 19, 
27 comprise one of the distinguishing features of 
transistor 1 because, as will be seen hereinbelow, 

w they must be present to achieve the desired result 
of a transistor with a planar emitter surface self- 
aligned base, collector and emitter elements and 
with low capacitance and low extrinsic base resis- 
tance. 

15 In connect on with FIG. 1, the various semicon- 

ductor elements have only been identified as such 
and no mention has been made as to the con- 
ductivity type of such elements. Suffice it to state, 
at this point, that where base 3 is p-conductivity 

20 type that emitter 2, collector 5 and subcollector 6 
are of n-conductivity type. Also, if base 3 is n- 
conductivity type, the other elements will be of p- 
conductivity type. In the discussion of the fabrica- 
tion of the transistor of FIG. 1, details like dopant 

25 used, concentrations, masks and etchants and the 
like, will be described in somewhat more detail. 

Referring now to FIG. 2, there is shown a 
cross-sectional view of the structure of transistor 1 
of FIG. 1 at an intermediate stage in its fabrication 

30 process. In FIG. 2, a plurality of trenches 10 have 
been formed in a lightly doped (n~) epitaxial layer 
11 of silicon-semiconductor material which has 
been deposited on a heavily doped (n + ) single 
crystal silicon semiconductor subcollector or sub- 

35 strate 6. Trenches 10 have been filled with an 
isolation oxide 13. Oxide 13 has been fabricated 
using well-known conformal oxide deposition and 
oxide polishing steps or other methods to bring the 
surface of oxide 13 to the same level as the 

40 surface of epitaxial layer 11. At this point, the 
rightmost upstanding portion or mesa 14 of layer 
11 in FiG. 2 is subjected to an ion-implantation 
step which renders it heavily doped to the same 
concentration and conductivity type as substrate 6. 

45 The ion-implantation is carried out using well- 
known lithographic and implantation steps. Up- 
standing portion or mesa 14 of layer 11 with ulti- 
mately form the subcollector reachthrough to sub- 
strate 6 which is the subcollector of the device of 

50 FIG. 1. Leftmost upstanding portion or mesa 15 of 
layer 11 will ultimately form the collector of the 
bipolar device of FIG. 1 and will contain a self- 
aligned collector pedestal 5. 

After the ion-implantation of mesa 14, a layer 

55 of silicon semiconductor material is deposited on 
the surfaces of mesas 14,15 and on isolation oxide 
13 using a nonselective epitaxial deposition tech- 
nique. The layer deposits as a polycrystalline ma- 
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terial on the oxide 13 and as single crystal material 
on the surfaces of mesas 14,15. 

The thus deposited silicon layer consists of an 
undoped portion 16 and a p-type conductivity dop- 
ed portion 17. The latter portion, as will be seen in 
what follows, will form the intrinsic base of the 
device of FIG. 1. The total thickness of portions 
16,17 is determined by the amount of polycrystal- 
line silicon required in extrinsic base 4 to provide a 
low resistance contact to the intrinsic base 3. The 
use of a layer made up of portions 16,17 renders 
the structure of FIG. 1 useful for any arbitrarily thin 
intrinsic base. In the foregoing, a layer of 
silicon/germanium may be used as an alternative to 
silicon. Portions 16,17 may be deposited using any 
well-known epitaxial deposition technique which 
provides the desired polycrystalline and single cry- 
stal regions over oxide region 13 and mesas 14,15, 
respectively. Layers 16,17 may be may be depos- 
ited sequentially in a single deposition step or in 
two separate depositions. A preferred approach is 
to deposit portions 16,17 using a low temperature 
epitaxial (LTE) technique. Such an LTE technique 
is described in an article in Journal of the Elec- 
trochemical Society: Solid-State Science and Tech- 
nology, Vol. 133, No. 6, page 1232, June 1986, 
entitled "Low Temperature Silicon Epitaxy by Hot 
Wall Ultrahigh Vacuum/Low Pressure Chemical Va- 
por Deposition Techniques: Surface Optimization" 
by B. S. Meyerson et al and is incorporated herein 
by reference. In the present process, boron may be 
used as the p-conductivity type dopant and may 
have a doping concentration of 5x1 0 18 
5x10 19 c/n~ 3 . In this way, portion 17 of the depos- 
ited layer is formed of boron doped silicon or 
silicon/germanium by simply introducing the appro- 
priate constituents during the deposition step in a 
well-known way. 

Where silicon/germanium (SiGc) is used in- 
stead of silicon, the SiGe base device has a higher 
emitter injection efficiency and thus less emitter 
charge storage for a given bias relative to a silicon 
base device. In addition, grading the germanium 
concentration in the base region provides a built-in 
electric field (drift-field) which reduces the transist 
time of minority carriers across the neutral base. In 
a typical device, one may expect an emitter junc- 
tion depth 25 mm below polycrystalline-mon- 
ocrystalline interface and a base-collector junction 
60 nm below that. A corresponding germanium 
profile would begin grading the germanium con- 
centration at the base-emitter junction and ramp it 
up to roughly 8-10% over 300 Angstroms to pro- 
vide a drift field over the heavily doped region of 
the intrinsic base profile. The germanium contact 
would then be held at the 8-10% level for 350 
Angstroms so that it extends just past the metallur- 
gical base-collector junction. At this point, the ger- 



manium content is reduced 60% over less than 
100 Angstroms and the remaining material is all 
silicon. Of course, other Ge profiles may be used 
as well depending on specific device designs. 

5 In FIG. 2, semiconductor substrate 6, layers 11, 

16 and 17 are all preferably made of silicon semi- 
conductor material. However, it should be appre- 
ciated that the teaching of the present application 
is not limited to silicon and that other semiconduc- 

w tor materials like gallium arsenide may also be 
used. Also, in FIG. 2, the doped semiconductor 
regions such as substrate 6 and mesas 14,15 are 
of n-conductivity type but these same regions may 
equally well be of p-conductivity type without de- 

75 parting from the spirit of the present invention. To 
the extent various regions have been characterized 
as heavily doped (n + , n ++ ) or lightly doped (n~), 
such designations do not depart from well-known 
practices in the fabrication of semiconductor de- 

20 vices. Thus, n+ may represent a dopant con- 
centration of 10 19 - 10 20 c/)?~ 3 , n may represent a 
concentration of the same dopant of 10 21 c/7?~ 3 , n~ 
may represent a concentration of 10 15 - 10 16 cm~ 3 
and n may represent a concentration of 10 17 - 

25 10 18 cn?~ 3 . Typical n-conductivity type dopants are 
phosphorous, arsenic and antimony. 

After the deposition of portions 16,17, layers of 
oxide 18, nitride 19, polysilicon 20, nitride 21 and 
oxide 22 are formed over portion 17. All of the 

30 foregoing layers are deposited in manners well- 
known to those skilled in the semiconductor fab- 
rication art. Oxide layer 18, however, may be ther- 
mally grown using well-known prior art techniques 
provided oxidation takes place under conditions 

35 which do do not lead to excessive diffusion of 
intrinsic base dopant in layer 17. A good choice 
would be to oxidize at low temperature (500-700 
• C) with 1-10 atm for oxidizing ambient in order to 
minimize boron diffusion and afford adequate junc- 

40 tion depth control. For exemplary purposes, layers 
18,19 have thicknesses of 10 nm each, layer 20 
has a thickness of 30 nm, layer 21 has a thickness 
of 50 nm and layer 22 has a thickness of 400 nm. 
The layers are present for various reasons. For 

45 example, oxide layer 18 passivates the surface of 
silicon portion 17 while nitride layer 19 suppresses 
oxygen enhanced diffusion and preserves the con- 
dition of the epi-poly regions in portion 17. In 
addition, layer 19 prevents oxidation of polysilicon 

50 regions of portion 17 in which the extrinsic base 
will be formed keeping its resistance low. 

Referring now to FIG. 3, there is shown a 
cross-sectional view of the structure of FIG. 1 at a 
still later intermediate stage in its fabrication pro- 

55 cess. As shown, FIG. 3 includes an oxide-nitride 
masking stack 22-21 disposed over layers of oxide 
18, nitride 19 and polysilicon 20. The last men- 
tioned layers are formed over portion 17 of the 
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deposited silicon semiconductor layer which con- 
tains both single crystal and polycrystalline re- 
gions. In FIG. 3, the oxide-nitride stack 22-21 is 
formed over mesa 15 and a region of portions 
16,17, all of which are single crystal semiconductor 
materials. 

Before describing FIG. 3 in detail, it should be 
appreciated that all of the regions of the device of 
FIG. 1 which are self-aligned depend on the novel 
approach shown in FIG. 3 and result from a single 
lithography step which is carried out in conjunction 
with a dual purpose, oxidizable masking layer 20 
which, in its unoxidized state, acts as an etch-stop 
when the oxide-nitride stack 22-21 is being formed 
and when, in subsequent steps, oxide sidewalls 
and the oxide portion 22 of the oxide-nitride stack 
22-21 are removed to leave only the nitride portion 
21 of the stack. The dual purpose masking layer 
20, in its oxidized state retains or remembers the 
positioning of the nitride portion 21 of the nitride- 
oxide stack 22-21 so that, when the nitride 21 is 
finally removed, the edges of the now oxidized 
portions of layer 20 define a self-aligned aperture 
which ultimately defines emitter region 2. Regins of 
layer 20 underneath remaining portions of layers 
22-21 are not oxidixed. From the foregoing, it 
should be clear that the introduction of a dual- 
purpose oxidizable masking layer is a key-step 
because its presence, as will be seen in that the 
detailed description hereinbelow, permits a single 
lithography step to be used which self-aligns a 
collector implant and an extrinsic base implant rela- 
tive to an emitter opening. In what follows, the 
oxidizable masking layer 20 will preferably be poly- 
crystalline silicon but any material may be used 
which, in its unoxidized state, acts as an etch-stop 
during the removal of oxide and nitride materials 
and, in its oxidized state, acts as a mask for the 
removal of nitride while simultaneously retaining 
the position of the nitride. The simple expedient of 
providing such a layer with its oxidizable char- 
acteristic permits functioning in at least two re- 
gimes which take into consideration both present 
and future steps in the process as will be seen in 
what follows. 

Considering now FIG. 3 in detail, an intermedi- 
ate structure is shown after a single photolitho- 
graph masking and etching step has been carried 
out and a self-aligned collector pedestal has been 
implanted. Using a photoresist which is spun on 
the surface of oxide layer 22, a mask patterns the 
photoresist such that, upon development, a 
photoresist mask is positioned over mesa 15 sym- 
metrically with respect to the edges of mesa 15 
using know photolithographic techniques. Then, us- 
ing a Reactive Ion Etching (RIE) step, portions of 
oxide layer 22 and nitride layer 21 are removed 
everywhere except under the photomask leaving an 



oxide-nitride stack 22-21. This etch must com- 
pletely remove nitride from surface of polysilicon 
layer 20 such that it may be completely and uni- 
formly oxidized at a later point in the process. A 

5 typical etch chemistry maybe CHF3/Ar followed by 
a CF4/CO2 selective finish. At this point, an addi- 
tional isotropic wet etch step may be used to 
provide a slight undercut (not shown) of nitride 21 
providing what will ultimately be an emitter region 

10 of smaller area than if nitride 21 were not undercut. 
In carrying out the RIE step, polysilicon layer 20 in 
its unoxidized state acts as an etch-stop when 
nitride layer 21 is etched. If polysilicon layer 20 
were not present, etching of nitride layer 19 would 

15 also occur exposing oxide layer 18 to removal 
when similar oxide material used as a sidewall is 
etched in a subsequent step. Also, if polysilicon 
layer 20 were not present when nitride 21 is re- 
moved in a subsequent etching step, nitride layer 

20 19 would also be removed and the positioning of 
nitride 21 would be lost spoiling the previously 
established self-alignment. After etching layers 
21,22 the photoresist mask is stripped and the 
device is subjected to an ion-implantation step 

25 which implants an n-conductivity type material like 
phosphorous into mesa 15 and some of portion 16 
under the oxide nitride stack 22-21. The height of 
oxide-nitride stack 22-21 controls the depth of the 
implant in mesa 15 and portion 16 which is doped 

30 n-conductivity type. The ion-implantation step 
forms a self-aligned collector pedestal 23 in mesa 
15 and portion 16 which is self-aligned to the 
edges of oxide 22. Pedestal 23 is more heavily 
doped that the remaining portions of mesa 15 and 

35 portions 16 which are lightly doped or rr-con- 
ductivity type. The lightly doped (n~) regions of 
mesa 15 and portions 16 are present to avoid 
capacitance effects which might arise from high 
doping levels at what will become the extrinsic 

40 base-collector junction of the device of FIG. 1. At 
this point in the fabrication process, only collector 
pedestal 23 has been formed with a doped expitax- 
ial region 24 disposed over pedestal 23 the width 
of which will be defined in a self-aligned manner in 

45 subsequent steps to form intrinsic base 3. 

In the description of FIG. 3, the deposition, 
masking, etching and ion-implantation steps have 
been described in only general terms since each of 
these steps does not depart in anyway from similar 

50 steps well-known to practitioners in the semicon- 
ductor fabrication arts. All of these steps can be 
carried out using apparatus and materials which 
are commercially available. 

FIG. 4 i a cross-sectional view of the structure 

55 of FIG. 3 after it has been subjected to sidewall 
formation and an extrinsic base ion-implantation 
step. 

In FIG. 4, sidewalls 25 are formed by confor- 
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mally depositing a layer of silicon dioxide over 
polysilicon layer 20 and oxide 22 of the oxide- 
nitride stack 22-21. The silicon dioxide layer is 
deposited in a well-known manner to a desired 
thickness which will ultimately determine the width 
of sidewalls 25. After deposition of the silicon diox- 
ide layer, it is subjected to a Reactive Ion Etch 
(RIE) step which removes silicon dioxide from the 
surface of polysilicon layer 20 (which acts as an 
etch-stop) and from the top of oxide-nitride stack 
22-21 leaving sidewalls 25 as shown in FIG. 4. The 
RIE step is well-known to those skilled in the semi- 
conductor fabrication art so it is not discussed in 
detail here. 

Once sidewalls 25 have been formed with a 
selected width, the structure is subjected to an ion- 
implantation step which forms extrinsic base re- 
gions 26. Extrinsic base regions 26 are heavily 
doped with a p-type conductivity dopant like boron. 
The boron implantation may be preceded by a pre- 
amorphization implant using any of heavy ions (Si, 
Sn, Sb, In, Ge) to reduce boron channelling and 
allow for damage base regrowth after implementa- 
tion. Regions 26 may also be characterized as 
being doped to a p concentration. In considering 
the structure of FIG. 4, it should be appreciated 
that the width of oxide 22 has remained fixed since 
its original formulation and is the datum against 
which all self-alignments are measured. To the 
extent sidewalls 25 have a known and controllable 
thickness, these thicknesses plus the width of ox- 
ide 22 can be considered to provide accurately 
spaced extrinsic base regions 26 which may also 
be characterized as self-aligned. It should be noted 
that in FIG. 4, polysilicon layer 20 is still in its 
unoxidized state and acts as an etch-stop when the 
removal of the silicon dioxide is complete. To the 
extent extrinsic base regions 26 have been defined 
by the ion-implantation step, portion 17 which has 
been previously doped with boron and which is 
masked by and lies under the oxide-nitride stack 
22-21 and sidewalls 25, the same implantation step 
defines intrinsic base 3 of transistor 1 of FIG. 1 in 
what was formerly region 24. 

Referring now to FIG. 5, there is shown therein 
a cross-sectional view of the structure of FIG. 4 
from which oxide 22 of oxide-nitride stack 22-21 
has been removed. After implanting extrinsic base 
regions 26, sidewalls 25 and oxide 22 are removed 
using a dip-etch step which selectively attacks sili- 
con dioxide but not nitride 21 or polysilicon layer 
20. Again, it should be noted that polysilicon layer 
20 is in its unoxidized state and continues to act as 
an etch-stop. At this juncture, nitride 21 is the 
datum against which all further self-alignment steps 
will be measured. If, at this point, nitride 21 were 
used as a mask to etch polysilicon layer 20 leaving 
a polysilicon-nitride stack, the underlying nitride 



layer 19 would be exposed. Then, when nitride 21 
is removed, nitride layer 19 would also be attacked 
effectively destroying the datum provided by nitride 
21. This undesired result is eliminated by oxidizing 

5 polysilicon layer 20 as shown in FIG. 6. 

FIG. 6 is a cross-sectional view of FIG. 5 after 
polysilicon layer 20 has been subjected to a well- 
known thermal oxidation step. By thermally oxidiz- 
ing polysilicon layer 20, all of that layer except the 

w portion masked by nitride 21, is converted to sili- 
con dioxide regions 27. In order to provide ade- 
quate control of dopant diffusion, oxidation should 
again be carried out at as low a temperature as 
possible. Nitride layer 19 serves as an oxidation 

w stop and prevents oxidation enhanced diffusion of 
both intrinsic and extrinsic base regions as dis- 
cussed above. The 30 nm of polysilicon is con- 
verted into 60 nm of silicon dioxide. It should be 
noted that silicon dioxide regions 27 butt up 

20 against the edges of nitride 21 and against the 
edges of what remains of polysilicon layer 20, in 
effect, transferring the datum of the edges of nitride 
21 to the edges of silicon dioxide regions 27. Thus, 
in its oxidized state, polysilicon layer 20 retains the 

25 datum for further self-alignment of the device emit- 
ter and contact therefor. In addition, as will be seen 
in what follows, silicon dioxide regions 27 act as 
masks when the remainder of polysilicon layer 20 
is removed. 

30 FIG. 7 is a cross-sectional view of the device of 

FIG. 6 after nitride 21, the remains of polysilicon 
layer 20 and a portion of layers 19 and 18 have 
been removed. After the thermal oxidation step 
discussed in connection with FIG. 6, nitride 21, 

35 layer 20, nitride layer 19 and oxide layer 18 are 
subjected to successive selective etching steps 
which expose a portion of the surface of portion 17 
which forms the single crystal intrinsic base 3. 
Thus, nitride 21 is removed by subjecting it to a 

40 hot phosphoric (H3PO4) acid dip-etch with silicon 
dioxide regions 27 acting as masks. Alternatively, 
nitride 21 may be removed by RIE using CF4./CO2 
as an etchant. The remainder of polysilicon layer 
20 may be removed by dip-etching in KOH or by 

45 plasma etching in HBr - C/ 2 - He - 0 2 , HCl - 0 2 - 
Ar, in CF 2 or SF 6 in a well-known manner. A 
portion of nitride layer 19 is then removed by RIE 
using CF4./CO2 while regions 27 act as masks. 
Finally, the surface of portion 17 is exposed using 

50 a wet etch like dilute hydrofloric acid (HF) with 

regions 27 acting as masks as shown in FIG. 7. 

Portion 18 under its exposed surface will contain 

the device emitter 2 which is self-aligned with the 

underlying collector pedestal implant 23. Once por- 

+ 

55 tion 17 is exposed, a layer 28 of n -conductivity 
type polycrystalline silicon is conformally deposited 
over the surface of oxide layer 27 and on the 
exposed portion of portion 17. Layer 28 is then 
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subjected to a thermal drive-in step which causes 
n-type dopant to out-diffuse into the p-type con- 
ductivity intrinsic base 3 forming n-type conductiv- 
ity emitter 2 therein. 

The latter is now self-aligned with collector 
pedestal 23 and intrinsic base 3 in the single 
crystal region of portion 17. All the above de- 
scribed steps involved in forming the emitter re- 
gion, in carrying out selective dip etches, in confor- 
mally depositing, in out-diffusing and the like are all 
steps well-known to skilled practitioners in the 
semiconductor fabrication art and do not depart in 
any way from such steps. 

FIG. 8 is a cross-sectional view of the structure 
of FIG. 7 after the formation of an emitter contact. 

Once polycrystalline layer 28 has been depos- 
ited and emitter 2 has been formed, layer 28 may 
be masked and etched in a well-known way to form 
emitter contact 9. FIG. 8 shows layers 18,19,27 out 
of scale to emphasize the fact that they remain in 
the final structure. Again, it should be noted that 
regions 27 act as etch-stops when layer 28 is 
being patterned. It should also be appreciated that 
thermal oxide regions 27 have now fulfilled their 
function of acting as masks in etching tire under- 
lying dielectrics and, while so doing, have also 
carried forth, in the positioning of their edges, the 
datum which was originally contained in nitride 21 
of oxide-nitride stack 22-21 permitting self-align- 
ment of emitter 2 and emitter contact 9. Apart from 
their function during fabrication, layers 27 carry out 
the electrical function of minimizing the emitter- 
base capacitance of transistor 1 during operation, 
while at the same time, nitride 19 preserves the 
extrinsic base resistance. To accomplish this, a 
certain thickness of composite layer 8 is required 
which provides for such thickness but is, at the 
same time, not so thick as to impact planarity 
considerations. To the extent this thickness must 
be controllable, the initial polycrystalline character 
of layers 27, upon thermal oxidation, determines 
their final thickness and can be readily adjusted. 
From all the foregoing, it should be clear that 
composite layer 8 must be present in the final 
structure to achieve self-alignment of certain ele- 
ments during fabrication and desired electrical 
characteristics during operation. 

Referring now to FIG. 9, there is shown a 
cross-sectional view of the structure of FIG. 8 ex- 
cept that the composite dielectric layer 8 is shown 
as a single layer to provide a better idea of the 
thicknesses involved when all the elements are 
shown approximately to scale. 

Finally, FIG. 10 shows a cross-sectional view of 
the structure of FIG. 1 except that composite layer 
8 has been substituted for dielectric layers 
18,19,27 of FIG. 1 to provide a better representa- 
tion of the true scale of the elements involved. 



After the emitter contact is formed, emitter, 
base and collector contact holes may be formed in 
overlying insulation providing a final structure hav- 
ing a configuration like that shown in FIGS. 1 and 

5 10. 

The self-aligned epitaxial base transistor struc- 
ture depicted in FIG. 1 has been fabricated using 
Si and SiGe base transistors and has the following 
typical parameters. The resulting transistors have 

w low emitter resistance (20Q um 2 ) and low extrinsic 
base resistance (R 5x = 60Q). Nearly ideal IV char- 
acteristics were obtained indicating that sufficient 
emitter-base separation and isolation were 
achieved using the disposable sidewall approach 

15 described in the preferred embodiment. Typical 
emitter junction depths and metallurgical 
basewidths achieved are approximately 25 nm and 
60 nm, respectively. Lower emitter junction depths 
and basewidths of roughly 17 nm and 30 nm may 

20 also be achieved in the same structure through use 
of dielectrics deposited at low temperatures for 
layer 17,18,19 and low temperature oxidation 
(HIPOX). Devices with Si/Ge bases contained a 
graded SiGe profile within the metallurgical base as 

25 required to enhance both DC and AC performance. 
The AC performance of the discrete devices are 
characterized by unity gain cutoff frequencies (f r ) 
in the 30-50 GHz and 50-70 GHz range for Si and 
SiGe, respectively, when working with intrinsic 

30 base sheet resistances on the order of 5-10 
kOhm/square but is by no means limited to this 
range. The overall utility of the technology has 
been further demonstrated through fabrication of 
ECL (Emitter Coupled Logi) ring oscillators with 

35 unloaded gate delays below 25 ps/gate. 

Using the above described process, a structure 
like that shown in FIG. 10 can be provided. In 
particular and on a local level, the fact that a planar 
surface can be provided at the emitter opening 

40 permits fine control of the emitter depth when the 
emitter region is being diffused. In a similar vein, 
planar contact surfaces for the base and collector 
contacts are also provided. On another level, the 
process disclosed minimizes total step height so 

45 that etching is simplified during contact formation 
and metallization. All the foregoing benefits have 
been provided using the process described herein 
while simultaneously providing self-alignment of the 
emitter, collector pedestal, intrinsic base and extrin- 

50 sic base and very precise control of junction 
depths and positioning in Si or SiGe on a sub 10 
nm scale. 

Claims 

55 

1. A self-aligned epitaxial base bipolar transistor 
comprising 
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a semiconductor substrate (6) of a first con- 
ductivity type 

a first epitaxial layer of semiconductor material 
(11) of said first conductivity type disposed 
over said substrate having planar single crystal 
(14, 15) and recessed oxide surface portions 
(10, 13); 

a second planar, epitaxial layer (16, 17) of 
semiconductor material disposed over said first 
layer (11) having a single crystal region dis- 
posed over said single crystal surface portion 
(14, 15) and polycrystalline regions over said 
recessed oxide surface portions (10, 13), said 
single crystal region containing an intrinsic 
base region (3), an emitter region (2) and a 
portion of a collector pedestal (5) and said 
polycrystalline regions containing extrinsic 
base regions (4), and, 

a planar composite isolation layer (8) contain- 
ing an aperture disposed on said second layer 
(16, 17) comprised of at least two different 
dielectric materials (18, 19, 20) the uppermost 
of which is made of oxidized material (20) the 
edge of said aperture being self-aligned with 
the edge of said collector pedestal (5), said 
planar composite layer (8) providing emitter- 
base isolation and the thickness of said ox- 
idized material (20) determining the emitter- 
extrinsic base capacitance of said transistor. 

2. A transistor according to claim 1 wherein said 
semiconductor substrate (6) is made of silicon. 

3. A transistor according to claim 1 or 2 wherein 
said first epitaxial layer (11) is made of silicon. 

4. A transistor according to anyone of the claims 
1 to 3 wherein said second layer (16, 17) has a 
doped upper portion (17) and is made of a 
silicon. 

5. A transistor according to anyone of the claims 
1 to 3 wherein said second layer (16, 17) has a 
doped upper portion (17) and is made of a 
silicon-germanium alloy. 

6. A transistor according to anyone of the claims 
1 to 5 wherein said composite isolation layer 
(8) further includes a layer of silicon nitride 

(19) sandwiched between said oxidized layer 

(20) and another oxide layer (18) which is 
disposed on said second layer (16, 17). 

7. A transistor according to anyone of the claims 
1 to 6 further including an emitter contact (9) 



disposed within said aperture wherein said em- 
itter contact is heavily doped polycrystalline 
silicon. 

5 8. A method of fabricating the transistor accord- 
ing to claims 1 to 7 including a method for 
exposing a planar emitter opening on the sur- 
face of a raised base bipolar transistor wherein 
an implanted collector pedestal (5), intrinsic 

w and extrinsic bases (3, 4), an emitter and said 

emitter opening are all self-aligned comprising 
the steps of 

providing a substrate (6) of a first conductivity 
75 type semiconductor material and a first epitax- 

ial layer (11) of first conductivity type semicon- 
ductor material which contains isolation oxide 
regions (10, 13) and single crystal semicon- 
ductor mesas (14, 15) the surfaces of which 
20 are planar disposed on said substrate (6), 

forming a planar second layer (16, 17) of semi- 
conductor material over said single crystal 
mesas (14, 15) and said oxide regions (10, 13) 
25 such that polycrystalline regions form over said 

oxide regions and single crystal regions form 
over said mesas said second layer (16, 17) 
having an upper portion (17) of second con- 
ductivity type, 

30 

forming layers of oxide (18) and nitride (19) in 
that order over said second layer (16, 17) of 
semiconductor material, 

35 masking a portion of a single crystal mesa 

(15) by disposing a nitride-oxide stack (21, 22) 
in that order over said mesa, and 

positioning a layer of oxidizable material (20) 
40 between said nitride-oxide stack (21, 22) and 

said underlying oxide-nitride layers (18, 19) to 
permit removal of said oxide (22) from said 
nitride-oxide stack (22, 22) when said layer of 
oxidizable material (20) is in an unoxidized 
45 state and to permit removal of said nitride (21) 

of said nitride-oxide stack (21, 22) when said 
layer of oxidizable material (20) is in an ox- 
idized state while simultaneously retaining the 
alignment of the edges of said nitride (21) of 
50 said nitride-oxide stack (21, 22) when said 

nitride is subjected to a subsequent etching 
step. 

9. A method according to claim 8 wherein said 
55 layer of oxidizable material (20) is polycrystal- 
line silicon. 

10. A method according to claim 8 or 9 further 
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including the step of ion implanting a dopant of 
said first conductivity type into said mesa and 
into a lower portion of said second layer for- 
ming therein said collector pedestal using said 
nitride-oxide stack as a mask. 5 

11. A method according to anyone of the claims 8 
to 10 further including the step of forming 
oxide sidewalls on said nitride-oxide stack and 

ion implanting a dopant of said second con- 10 
ductivity type into at least said polycrystalline 
regions of said second layer forming said ex- 
trinsic base regions therein using said nitride- 
oxide stack and said sidewalls as a mask. 

15 

12. A method according to anyone of the claims 8 
to 1 1 further including the step of 

removing said oxide of said nitride-oxide stack 
during which step said layer of oxidizable ma- 20 
terial is in its unoxidized state and a portion of 
said layer of oxidizable material is masked by 
the remaining nitride. 

13. A method according to claim 11 or 12 wherein 25 
the step of forming oxide sidewalls includes 

the steps of conformally depositing a layer of 
oxide over said layer of oxidizable material and 
over said nitride-oxide stack and etching said 
layer of oxide until it is removed everywhere 30 
except at the sides of said nitride-oxide stack 
said layer of oxidizable material in its unox- 
idized state acting as an etch-stop. 

14. A method according to claim 12 or 13 further 35 
including the step of oxidizing all of said layer 

of oxidizable material except said portion of 
said layer of oxidizable material. 

15. A method according to claim 14 further includ- 40 
ing the step of: 

removing said nitride of said nitride-oxide 
stack, said portion of said layer of oxidizable 
material, a portion of said nitride and oxide 45 
layers in that order to expose said planar emit- 
ter opening while said oxidizable material in its 
oxidized state acts as an etch mask. 

16. A method according to claim 15 further includ- 50 
ing the steps of depositing polycrystalline 
semiconductor material heavily doped with a 
dopant of said first conductivity type in said 
emitter opening and out-diffusing said dopant 

to form said emitter in said second layer of 55 
semiconductor material. 
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